Background: Observational data and preliminary studies suggest serotonin 2A agonist psychedelics may hold potential in treating a variety of substance use disorders (SUDs), including opioid use disorder (OUD).
INTRODUCTION
Substance misuse is a leading preventable cause of morbidity and mortality (1, 2) , and contributed to over 63,000 drug overdose deaths in the US in 2016 (3) . An estimated 23.3 million Americans have met Diagnostic and Statistical Manual of Mental Disorders 5 th Ed. (DSM-5; 4) criteria for a substance use disorder (SUD) regarding a drug besides alcohol or tobacco in their lifetime (5) . Cannabis, opioids, and cocaine constitute the greatest proportion of these diagnoses (5) . Recent trends have shown increased adult use of cannabis (6) (7) (8) , opioids (9) (10) (11) , and stimulant drugs (12, 13) , and associated adverse public health outcomes (3) .
Though cannabis use among those age 12-17 has largely decreased in recent years (6, 14) , adults have shown greater use as more states have approved medical or recreational accessibility (8, 15) . Concurrently, cannabis related emergency room visits (16) and prevalence of cannabis use disorder have risen (8) . The United States has recently seen unprecedented levels of opioid misuse and overdose deaths, including a notable increase in prescription opioid misuse between 2001 and 2013 (17) , and over 42,000 opioid-related deaths in 2016 (3) . Additionally, recent increases in cocaine and other stimulant use (13, (18) (19) (20) have contributed to a substantial number of hospitalizations (21, 22) and deaths (3) .
Available SUD treatments typically exhibit limited success with most patients not achieving long-term abstinence (23) (24) (25) (26) . Medications for opioid use disorder (OUD) include the agonist treatments methadone and buprenorphine, and the opioid antagonist naltrexone (27) . However, many people who use opioids are unable or unwilling to access these treatments or do not adhere to them consistently enough to achieve long-term i m p r o v e m e n t ( 2 8 -3 0 ) . T h e r e a r e n o a p p r o v e d pharmacotherapies for cannabis (31) and stimulant use disorders (32) , and with the exception of contingency management (33, 34) , behavioral therapies generally have modest efficacy for treating SUDs (35, 36) . Thus, the current public health landscape highlights an urgent need for novel, innovative strategies for treating SUDs.
Use of serotonin 2A (5-HT2A) agonist psychedelics such as lysergic acid diethylamide (LSD), psilocybin-containing mushrooms (hereafter referred to as psilocybin), peyote, and the dimethyltryptamine (DMT) containing admixture ayahuasca in both naturalistic and clinical settings have been implicated in decreased substance misuse (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) . The strongest evidence is for LSD in the treatment of alcoholism, with six randomized studies showing an aggregated statistically significant effect for LSD improving outcomes in meta-analysis (49) .
An early study in 74 male parolees with a history of chronic heroin use examined a 4-to 6-week residential treatment program involving roughly 5 weeks of preparatory therapy in conjunction with a single high-dose administration of LSD (300-450 µg), compared with treatment as usual outpatient care involving weekly group therapy (46) . The LSD treatment was well tolerated among this sample, which was largely African American (76%) and with relatively low education (mean of 8.6 years). Biologically verified continuous abstinence was significantly greater in the LSD than control conditions at 6 month (32% vs. 8%) and 12 month (25% vs 5%) follow-ups (46) . Epidemiological data from the 2008-2013 National Survey on Drug Use and Health showed lifetime serotonin 2A agonist psychedelic use was associated with 27% reduced risk of past year opioid dependence and 40% reduced risk of past year opioid abuse when controlling for relevant covariates (43) . Preliminary observational data have shown significant reductions in cocaine use in a small sample (n = 6) after participation in a ceremonial ayahuasca retreat geared toward addressing substance misuse (47) . Pilot clinical research currently underway has also found promising early results of psilocybin-assisted treatment in people with cocaine use disorder (50, 51) . In addition to these preliminary clinical findings, anecdotal reports further corroborate potential benefits of psychedelics in people with various substance use issues (e.g., 52) .
We have previously published findings on individuals who self-reported reductions in tobacco (53) , and alcohol misuse (40) attributed to naturalistic psychedelic use. However, instances in which people experienced a marked reduction in problematic cannabis, opioid, or stimulant use following ingestion of a psychedelic have not been systematically documented to date. Therefore, the current study sought to characterize instances in which individuals experienced a reduction in cannabis, opioid, or stimulant use after taking a psychedelic in a non-clinical setting. We hypothesized that greater improvements in substance misuse would be associated with greater mystical-type effects of the psychedelic experience consistent with preliminary clinical data (54, 55) .
MATERIALS AND METHODS
This study was conducted as a cross-sectional, anonymous (i.e., no name or IP address recorded) online survey hosted on SurveyMonkey between October 2015 and August 2017. Study advertisements were posted on social media and on websites devoted to drug discussion, education, or research such as Erowid Center (erowid.org) and the Multidisciplinary Association for Psychedelic Studies (maps.org). Ads sought individuals who had "overcome alcohol 1 or drug addiction after using psychedelics," and took interested individuals to a page detailing introductory information regarding the study aims, participation requirements (e.g., filling out a survey), and study inclusion criteria. Inclusion criteria were: (1) at least 18 years of age, (2) able to speak, read, and write English fluently, (3) self-identified as having had problematic cannabis, opioid, or stimulant use, and (4) had used a serotonin 2A agonist psychedelic 2 outside of a research or medical setting, followed by reduction or cessation of subsequent cannabis, opioid, or stimulant use. This study used purposive sampling (56) to specifi cally seek out people who had experienced improvements in substance use after psychedelic use for two 1 Data on alcohol were previously published elsewhere. See (40) . 2 i.e., psilocybin [magic] mushrooms, LSD, morning glory seeds, mescaline, peyote or San Pedro cactus, DMT, or Ayahuasca. reasons. First, to better characterize these individuals and their experiences, and second, as a preliminary step towards designing and studying psychedelic-assisted interventions for SUDs in clinical settings. People who indicated that they met inclusion criteria, understood the study procedures, and were willing to voluntarily participate were able to begin the survey. Individuals who read the introductory information and then chose to complete the survey were considered to have provided informed consent. Participants were not financially compensated for completing the survey. The study was approved by an Institutional Review Board of the Johns Hopkins University School of Medicine.
Measures
Information on participant demographics and drug use history were collected. Participants' drug use was assessed retrospectively in the periods before and after the psychedelic experience to which they attributed their reduction or cessation in drug use (hereafter referred to as "reference psychedelic experience"). This included ratings of distress related to drug use prior to the reference psychedelic experience, overall duration of drug misuse, use of medication or other SUD treatments before and after the reference psychedelic experience, age of first drug use, and lifetime presence of other mental health diagnoses. 3 Participants provided data on the reference psychedelic experience, including the psychedelic used and approximate dose, type of setting where the experience occurred, intention for self-administering the psychedelic, and any adverse effects or other behavioral changes attributed to the reference psychedelic experience. Participants were asked about possible mechanisms of change attributed to their psychedelic-associated reductions in drug use. Participants also provided ratings of withdrawal symptom severity after the reference psychedelic experience relative to prior attempts to reduce or stop drug use. Further information on the reference psychedelic experience and related changes in drug use patterns was gathered using assessments described below. Participants were asked to identify a specific drug or class of drugs among cannabis, opioids, and stimulants, that was the primary substance of abuse that they reduced or stopped after psychedelic use, and about which they answered specifically targeted questions.
Because this survey was conducted concurrently for people reporting psychedelic-associated reductions in alcohol (40) , cannabis, opioid, and stimulant use, some of the measures used here were originally designed and validated to probe alcohol use, and were adapted for this survey to assess other drug use and craving. This was done so that scores on given assessments could be meaningfully compared across drug classes, rather than compared across a number of disparate measures of consumption and/or craving. Participants completed two iterations of a modified version of the Drug Use Disorders Identification Test-Consumption (DUDIT-C), the DSM-5 Substance Use Disorder Symptom Checklist, and a modified version of the Alcohol Urge Questionnaire (AUQ), each asking specifically about the primary drug/class of interest (i.e., cannabis, opioids, or stimulants). In the first iteration, participants were asked about their drug use in the year prior to their reference psychedelic experience. In the second, they responded regarding their drug use in the time since the reference psychedelic experience.
DUDIT-C
The DUDIT is an 11-item assessment designed to screen for problematic drug use (57) , which largely parallels the 10-item Alcohol Use Disorder Identification Test (AUDIT) developed by the World Health Organization to assess alcohol misuse (58) . The first three items of the AUDIT probe frequency of drinking, quantity of alcohol use, and frequency of heavy use, and are often used to provide an abbreviated measure of alcohol consumption called the AUDIT-Consumption or AUDIT-C (59, 60) . For this survey we administered a modified version of the DUDIT asking specifically about frequency of drug use, quantity used, and frequency of heavy use regarding the specific drug of choice identified by the participant (i.e., cannabis, opioids, or stimulants) to provide an overall score of drug consumption we identify here as DUDIT-C.
DSM-5 Substance Use Disorder Symptom Checklist
This checklist was modified to assess DSM-5 symptoms for past and current cannabis, opioid, and stimulant use disorder (4, 61) . Participants endorsed whether each of the 11 diagnostic criteria for SUD were true or false based on their drug use in the year before their reference psychedelic experience, and in the time since the reference psychedelic experience. According to DSM-5 criteria, presence of 2-3 symptoms indicates a mild, four to five symptoms indicate a moderate, and six or more symptoms indicate a severe SUD (4).
Drug Urge Questionnaire (DUQ)
This instrument is a modified version of the eight-item Alcohol Urge Questionnaire (AUQ; 62). The AUQ is a validated alcohol craving measure that assesses three domains: (1) desire to drink;
(2) expectation of positive effects from drinking; and (3) inability to resist drinking when alcohol is accessible, with scores ranging from 8 to 56, and higher scores indicating greater craving. For this study, items were modified to ask about craving for the specific drug of choice (i.e., cannabis, opioids, or stimulants), rather than alcohol.
Mystical Experience Questionnaire (MEQ30)
The MEQ30 is a validated 30-item questionnaire designed to assess mystical-type subjective effects of psychedelics (63) (64) (65) (66) . There are four major dimensions of the MEQ30: (1) mystical, including feelings of unity, sacredness, and noetic quality (i.e., direct knowledge or insight); (2) positive mood (e.g., awe, joy); (3) transcendence of time and space; and (4) ineffability. Participants completed the MEQ30 regarding their reference psychedelic experience. A "complete" mystical experience was defined by ≥60% of the maximum possible score on each of the four subscales of the MEQ30 (63).
Ratings of Persisting Effects
The personal meaning, psychological challenge, psychological insight, spiritual significance, and change in well-being or life satisfaction attributed to the reference psychedelic experience were rated by respondents (40, 67, 68) . Participants rated personal meaning, psychological challenge, and psychological insight on a scale from 1 to 8 (1 = no more than routine, everyday experiences; 7 = among the five most meaningful/challenging/ insightful experiences of my life; and 8 = the single most meaningful/challenging/insightful experience of my life). Spiritual significance was rated on a scale from 1 to 6 (1 = not at all; 5 = among the five most spiritually significant experiences of my life; 6 = the single most spiritually significant experience of my life). Change in well-being or life satisfaction was rated on a scale from −3 (decreased very much) to 0 (no change) to +3 (increased very much).
Data Analyses
First, descriptive statistics of background and demographic characteristics, history of psychedelic use and characteristics of psychedelic session, substance use and history of treatment, substance withdrawal symptoms, and psychiatric history were calculated. Next, all study variables were subjected to chi-square and one-way analysis of variance tests (with between-subject factor for type of substance) to examine whether there were any differences in study variables as a function of the type of substance (cannabis, opioids, stimulants) affected by the psychedelic experience.
DUDIT-C change scores (post-score minus pre-score) were examined to assess how much each participant's overall substance use had changed from pre-to post-psychedelic experience. Pearson correlation coefficients were calculated to examine the degree to which DUDIT-C change scores were associated with primary study variables (substance, age, country of residence, mean age at time of psychedelic experience, dose of psychedelic, mystical experiences, insight experiences, personal meaning of psychedelic experience, pre-DUDIT-C, substance distress prior to experience, substance craving prior to experience, post-DUDIT-C, age of first substance use). These analyses were conducted using SPSS software v.24 (69) .
Finally, a path analysis was conducted to examine a model of substance use change associated with a psychedelic experience. The model included (1) Pre-DUDIT-C as a predictor of DUDIT-C change score, (2) dose of the psychedelic as a predictor of acute mystical and insight experiences during psychedelic session, (3) insight and mystical experiences as predictors of ratings of personal meaning associated with the psychedelic session, and (4) personal meaning as a predictor of DUDIT-C change score (see Figure 1 ). We also controlled for the intercorrelation of age with DUDIT-C change score and the intercorrelation of acute mystical and insightful experiences. We conducted this path analysis using maximum likelihood with robust standard errors in MPlus software v.7.0 (70).
RESULTS

Respondent Characteristics
During data collection (October, 2015 through August, 2017), 3,987 people clicked a recruitment advertisement and started filling out the survey. Of these, 2,556 met all inclusion criteria, provided informed consent, and initiated a response regarding cannabis, opioids, or stimulants. Among these, a total of 630 individuals completed the full survey regarding their use of one of these three classes of substances. Of those that completed the entire survey, 186 respondents were excluded because their reference psychedelic experience occurred within 3 months of filling out the survey, thus limiting the ability to assess lasting FIGURE 1 | Path analysis examining predictors of substance consumption change score from pre-to post-psychedelic experience among individuals meeting criteria for risky substance use while controlling for the positive association between acute insight and mystical experiences. *p < .05; **p < .01; ***p < .001. DUDIT-C = Drug Use Disorders Identification Test-Consumption. ME, Mystical Experience Questionnaire. change in substance use on the modified DUDIT-C (71). The final sample was comprised of 444 adults. Demographics are presented in Table 1 . The majority were white (82.4%), male (79.1%), and from the U.S. (66.9%), with a mean age of 28.4 (SD = 10.6). Of these, 166 reported they experienced a change in their cannabis use, 155 reported a change in opioid use, and 123 reported a change in stimulant use, following a psychedelic experience. It took participants a median duration of 1 h to complete the survey (inter-quartile range: 0 h 43 min to 1 h 38 min). Table 1 shows data regarding participant history of substance use and mental health. Prior to their reference psychedelic experience, 95.7% met criteria for a SUD (severe: 78.6%, moderate: 10.6%, mild: 6.5%). Of the total sample, a minority did not meet DSM-5 criteria for SUD (4.3%) but reported prior problematic use. Mean substance use score on the retrospective DUDIT-C was 8.0 (SD = 2.5), suggesting respondents had a history of heavy substance use, including notable substance userelated consequences before their reference psychedelic experience (recommended AUDIT-C cutoffs for problematic use are ≥4 for men and ≥3 for women; 59). Respondents had been experiencing substance use problems for mean of 4.5 (SD = 5.3) years, had been using their primary substance since the mean age of 17 (SD = 4.4), and the mean reported distress associated with their substance use was between "a moderate amount" and "a lot" (M = 2.6/4, SD = 1.6). Mode responses regarding lifetime psychedelic use ranged from "never used" for peyote (85%), San Pedro (82%), mescaline (80%), ayahuasca (79%), morning glory seeds (70%), and DMT (pure compound; 52%), to 2-5 lifetime psilocybin uses (22%), and 11-20 lifetime LSD uses (17%). Large proportions of the sample had been diagnosed with an anxiety disorder (62%), mood disorder (62%), or a SUD not otherwise specified (60%). Table 2 shows SUD treatment history. The majority of participants (59%) had received no treatment for their substance use prior to the reference psychedelic experience, with some having sought treatment via counseling (26%), self-help (17%), or support group (16%).
Substance Use, Mental Health, and Treatment History Prior to Psychedelic Experience
Reference Psychedelic Experience Table 3 shows data regarding the reference psychedelic experience. Approximately three quarters of the sample reported using either LSD (43%) or psilocybin (29%) in the psychedelic experience that contributed to a change in substance misuse. Respondents reported using a moderate (47%), high (33%), or very high (12%) dose and most reported that at least 1 year had passed since their experience (70%), with 20% reporting 6 or more years since their experience. As Table 3 shows, most respondents had their reference psychedelic experience in their home (59%), with the intention for psychological (61%) or spiritual (41%) exploration. Notably, only 14% reported that they intended to reduce/quit their problematic substance use through using the psychedelic substance. Although most participants did not report an explicit intention to change their substance use, 28% of respondents attributed a change in their life priorities or values to their reference psychedelic experience, which was the most commonly reported mechanism for how the psychedelic experience helped change their substance use. Participant MEQ30 scores were 67% of maximum total score on average, with about 40% of respondents meeting criteria for a "complete mystical experience." Overall, 76% of respondents rated their reference psychedelic experience among the top 10 most personally meaningful of their lives; 45% rated it among the top 10 most psychologically challenging of their lives; and 71% rated it among the top 10 most psychologically insightful experiences of their lives. Approximately one-half of the sample (51%) rated the reference psychedelic experience among the top 5 most spiritually significant experiences of their lives, and 69% said their sense of well-being or life satisfaction had increased "very much" as a result of the experience and/or contemplation of it. Two individuals (0.5%) reported strong negative change to well-being or life satisfaction attributed to the reference psychedelic experience. One of these described developing "acute HPPD, hallucinogenic perception persistence disorder [sic]" after taking LSD and reported ongoing reduction in cannabis use afterwards. Details regarding the other person who reported strong negative change in well-being are included in the Adverse Effects section below.
Adverse Effects
A majority of respondents (81%) reported no persisting adverse effects from their reference psychedelic experience; 9% reported possible adverse effects (i.e., they were unsure whether there were any adverse effects) and 10% reported definite adverse effects. Those reporting possible or definite adverse effects largely rated them as not severe or slightly severe (59% of the 19% who reported possible or definite adverse effects; e.g., transient paranoia, anxiety). Five individuals (1.1% of the total sample) reported adverse effects rated as extremely severe. Among these five individuals, two reported decreased well-being or life satisfaction related to the reference psychedelic experience (#3, moderately and #4, strongly). Four of the five extreme adverse reactions were in cannabis users, with the remaining (#1) occurring in a stimulant user. The five extremely severe adverse effects were described as, (1) "The psychedelic experience had me convinced I am heterosexual when actually I am bisexual." (2) "Night terrors, paranoia. hallucinations; both visual and auditory, feeling like I'm leaving my body, losing my sanity. Many more; these persisted for years." (3) "Again, the bad trip gave the panic disorder and caused me massive generalized anxiety for half a decade to come. Only with abstinence from cannabis and hallucinogens, tons of medication and therapy for 6 years have I been able to come out on top from this condition of absolute existential dread triggered by the mushroom experience." (4) "After this overdose, smoking weed gave me painful and disorienting brain zaps. These reduced in severity over approximately 2 weeks and changed into anxiety…. I'm not sure why I even kept smoking, it was a terrible experience but I think I was depressed from the overall after affects and still needed some sort of escape (weed had always been my favorite escape)." (5) "Had nightmares for 6 months and lived in constant fear of death, experienced tactile hallucinations and heard voices for months. Took a long time to process the shame that came through this experience. It's all been beautifully necessary, however."
Among these individuals reporting extreme adverse reactions, one reported prior history of depression and obsessivecompulsive disorder, one reported history of anxiety, mood, personality, and oppositional defiant disorders, one reported a history of anxiety and attention deficit hyperactivity disorders, one reported a history of anxiety, mood, eating, and personality disorders, and one reported a history of anxiety, mood, personality, and psychotic disorders. Thus, all these individuals reported some mental health conditions that may have been related to or contributed to adverse effects. However, because the survey did not probe whether these issues developed before or after the reference psychedelic experience, no causal attributions can be inferred from the present data.
Substance-Specific Differences in Demographics and Other Variables
As shown in Tables 1-3, few differences were found between cannabis, opioid, and stimulant using groups on demographic variables, substance use and treatment history, and psychedelicrelated variables. When differences were found it was frequently the cannabis-using group that was different from the other substance use groups. For example, cannabis users were significantly younger and fewer of them were from the United States, compared to opioid and stimulant users. Additionally, cannabis users had lower mean ratings of substance-related distress, substance craving prior to the reference psychedelic experience, age of first primary substance use, and DUDIT-C change scores compared to opioid and stimulant users. When examining the proportion of respondents who received SUD treatment prior to and following the psychedelic experience, smaller proportions of cannabis and stimulant users had sought treatment including detoxification and counseling, compared to opioid users, but a larger proportion of them had engaged in selfhelp prior to the psychedelic experience. Furthermore, a larger proportion of opioid users sought treatment following the reference psychedelic experience, and more of them had been previously diagnosed with a substance use disorder, compared to cannabis or stimulant users. Cannabis users also had significantly lower MEQ30 total scores, and ratings of change in well-being or life satisfaction, than opioid users. Table 4 shows several withdrawal symptoms were endorsed by roughly two-thirds of the cannabis-using subsample, including depression (68%), craving (66%), and insomnia (66%). Despite experiencing these withdrawal symptoms, many of these respondents (range = 45%-75%) reported that these symptoms were "less severe" or "much less severe" after the reference psychedelic experience compared to prior quit attempts. Although less frequently reported, many respondents endorsed experiencing anxiety (60%), difficulty concentrating (60%), restlessness (57%), irritability (57%), and fatigue (52%). Most reported that the symptom severity was the same or less/much less severe compared to prior quit attempts. Of particular interest, craving appeared to be dampened in those who had previously experienced this withdrawal symptom, with 56% reporting that their cannabis craving was much less severe after the reference psychedelic experience compared to prior quit attempts. Table 5 shows approximately three quarters of the opioidusing subsample reported the following withdrawal symptoms after the reference psychedelic experience: depression (77%), irritability (76%), craving (75%), fatigue (74%), muscle aches (72%), insomnia (72%), restlessness (72%), anxiety (71%), and difficulty concentrating (70%). Despite experiencing these withdrawal symptoms, large proportions (range = 49%-75%) rated these symptoms as "less severe" or "much less severe" after the reference psychedelic experience compared to prior quit attempts. Similar to cannabis-using respondents, craving seemed to be attenuated among opioid users who had previously experienced this withdrawal symptom, with 75% reporting that their opioid craving was less or much less severe after the reference psychedelic experience compared to prior quit attempts. Table 6 shows more than three quarters of the stimulantusing sample reported the following withdrawal symptoms after the reference psychedelic experience: depression (84%), irritability (79%), craving (77%), anxiety (77%), and difficulty concentrating (76%). Despite experiencing these withdrawal symptoms, large proportions (range = 53%-65%) reported that these symptoms were "less severe" or "much less severe" after the reference psychedelic experience compared to prior quit attempts. Similar to cannabis-and opioid-using respondents, craving seemed to be attenuated among stimulant users who had previously experienced this withdrawal symptom, with 65% reporting that their stimulant craving was less or much less severe compared to prior quit attempts.
Substance-Specific Withdrawal Symptoms
Substance Consumption Following the Psychedelic Experience
Over 70% of participants (n = 331) reported that they had greatly reduced or quit using their primary substance following their reference psychedelic experience as evidenced by an average DUDIT-C change score of −5.4 (SD = 3.2; range = 4 to −12). Though 95.7% met SUD criteria before the reference psychedelic experience, only 27.3% met criteria for a SUD in the time since their reference psychedelic experience. Small proportions continued to meet criteria for mild (14%), moderate (5%), and severe (8%) SUDs. Overall, the average post-DUDIT-C score (M = 2.6; SD = 2.8) suggested that most respondents were no longer using substances above the threshold for which he/she would be considered a risky substance user based on established cutoffs for the AUDIT-C (≥4 for males, ≥3 for females; 59). Additionally, most participants (63%) did not seek other treatment for substance use after their reference psychedelic experience, but smaller proportions noted they engaged in a spiritual practice (16%), had received counseling (12%), or attended a support group (7%). Table 7 shows Pearson correlations among variables. As shown in the table, greater decreases in consumption as quantified by DUDIT-C change scores were significantly associated with greater age, ratings of the experience as personally meaningful and insightful, pre-DUDIT-C scores, and intensity of substance use distress. Aside from significant correlations with DUDIT-C change scores, clusters of variables within the overall matrix that were significantly positively correlated included mystical and persisting effects of the reference psychedelic experience (e.g., greater MEQ30 scores associated with greater meaning and insight), and substance use variables (e.g., greater pre-DUQ craving associated with greater substance-related distress). Based on previously published survey data among individuals reporting reductions in alcohol consumption after taking a serotonin 2A agonist psychedelic (40) , and informed by the present correlation data on variables associated with change in DUDIT-C substance use scores, a path analysis was conducted examining a proposed model to explain the effect of psychedelic consumption on problematic substance use reduction (Figure 1) . While controlling for the positive association between acute insight and mystical experiences, greater substance consumption prior to the reference psychedelic experience (pre-DUDIT-C) was directly related to greater change in substance use (DUDIT-C change score). Higher doses of the psychedelic substance were directly related to higher intensity of acute mystical and insight experiences during the psychedelic session, both of which were directly related to greater personal meaning of the experience. Moreover, higher ratings of personal meaning were directly related to greater DUDIT-C change score. Two indirect effects were also found between greater intensity of acute mystical effects [b = .02, SE = .01, p < .05, 95% CI (.00,.03)] and insight [b = .07, SE = .03, p < .05, 95% CI (.01,.11)] on higher DUDIT-C change score via higher ratings of personal meaning. Model fit was good, X 2 (7, N = 444) = 10.13, p = .181; root-mean-square error of approximation = .03 [CI (.00,.07)], standardized root-mean-square residual = .040, and Tucker-Lewis index = .99.
Path Analysis
DISCUSSION
The current study provides data on 444 individuals who selfreported reductions in cannabis, opioid, and stimulant misuse after taking a psychedelic drug in a non-clinical setting. The majority of respondents retrospectively reported meeting DSM-5 criteria for severe SUD before their psychedelic experience, whereas in the time since that experience, the majority no longer met criteria for any SUD. Most of the respondents claimed lasting reductions in their substance use for over 1 year after using a psychedelic, consistent with persisting benefits observed in laboratory studies with psilocybin (54, 55, (72) (73) (74) . Serious adverse effects, though relatively rare, were reported and included both ongoing perceptual disturbances described as hallucinogen persisting perception disorder (HPPD; 75), and persisting psychotic symptoms such as paranoia and hallucinations. These were more common among individuals reporting reductions in cannabis use after the reference psychedelic experience, possibly related to observed associations between cannabis use and psychosis (76) . Despite adverse events being rare, these data highlight the potential risks of psychedelic use in naturalistic settings by individuals who have not received medical screening or preparation, as is common practice in clinical trials involving psychedelic administration (77) . A minority of the present sample (range = 2.5-9.2%) reported negative impacts on overall life adjustment, including increased use of other drugs ( Table 3) , indicating some cases in which outcomes may have been mixed or otherwise undesirable. Such cases warrant further study to examine what factors may be associated with these challenges.
The findings of the present study are limited by the nature of the anonymous, retrospective self-report data collected, which cannot be verified, and are subject to participant self-selection and recall bias. The cross-sectional design does not allow for causal inferences to be derived from the findings, nor is this study able to provide any information regarding the overall prevalence of psychedelicassociated reductions in other substance use. The purposive sampling used in the current study specifically sought out people reporting positive outcomes regarding substance misuse after naturalistic psychedelic use to characterize these cases, therefore data were not explicitly collected on instances where psychedelic use led to no change or exacerbation of drug misuse. This method limits our ability to generalize these findings across all psychedelic users with other substance misuse issues (e.g., 78, 79) , but provides valuable information for designing future psychedelic-assisted treatments for SUD. Additionally, because the survey sought to assess changes in drug use across several pharmacological classes, modified versions of alcohol assessments (AUDIT-C and AUQ) were used, which have not been validated for use in this manner. Due to these limitations, the current data should be interpreted with caution. However, taken in combination with preliminary clinical findings (46, 49, 54, 80) and previous anonymous survey studies (40, 55) , these results further bolster the potential utility of serotonergic psychedelics as aids in the treatment of addiction. Congruent with findings from prior surveys on individuals reporting reductions in tobacco (55) and alcohol consumption (40) after naturalistic psychedelic use, the current sample reported cravings for their primary problematic substance to be less or much less severe than previous attempts to reduce or stop using (Tables 4-6 ). While the veracity and underpinnings of such psychedelic-associated craving reductions remain uncertain, that these patterns of responses are stable across several unrelated drug classes is noteworthy and points to a potential mechanism by which psychedelics may help reduce subsequent substance misuse. Although lifetime psychedelic use was queried, we did not collect the information necessary to make any chronological inference regarding whether reference psychedelic experiences that were closer to initial psychedelic use were more or less likely to impact other substance misuse, a question that remains for future research.
Participants also reported less severity of anxiety and depression symptoms after the reference psychedelic experience compared with other attempts to reduce their substance use. A growing body of literature has shown persisting anxiolytic effects of psilocybin (81) (82) (83) and LSD (84) , and antidepressant effects of psychedelics including psilocybin (85-87) and ayahuasca (88) . Furthermore, data suggest ayahuasca's antidepressant effects are associated with post-acute modulation of cortisol (89) and brain-derived neurotrophic factor (BDNF; 90), shedding light on possible biological mechanisms of psychedelics' lasting mood effects. In turn, reductions in anxiety and depressed mood may also help individuals remain abstinent from drugs in the post-acute "afterglow" period by improving their outlook and ability to manage withdrawal (91, 92) .
Additionally, participants endorsed changes in life priorities or values, increased belief in their ability to abstain, and increased ability to delay gratification, as among the most important reasons their psychedelic experience impacted other substance use. These data are in agreement with prior surveys of people reporting psychedelic-associated reductions in tobacco (55) and alcohol consumption (40) , and are in accordance with hypotheses regarding psychedelic-related changes in values, self-efficacy, and decision-making as relevant psychological mechanisms for addiction treatment (93) (94) (95) (96) . As in prior surveys on psychedelic-associated reductions in alcohol consumption (40) participants reported high levels of personal meaning, psychological insight, and mystical-type effects, which were associated with higher psychedelic dose and greater reported change in drug consumption after the psychedelic experience. Thus, the psychological impact of these experiences and acute subjective drug effects seem to play an important role in facilitating subsequent change in substance misuse as observed in pilot studies of psilocybin-assisted interventions for tobacco (55, 97) and alcohol dependence (54) .
Preclinical data are further elucidating our understanding of psychedelics' biological mechanisms, with recent findings showing serotonergic psychedelics can promote structural and functional neural plasticity (98) , and have potent antiinflammatory effects (99) , which may be correlated with observed therapeutic benefits. Animal models suggest diverse anti-addictive properties of serotonergic psychedelics for alcohol (100, 101) as well as other drugs of abuse. Ayahuasca has been shown to reduce amphetamine self-administration in adolescent rats and normalize amphetamine related locomotor behavior (102) . Vargas-Perez and colleagues found a single administration of the serotonin 2A agonist psychedelic 4-AcO-DMT (103) prevented development of opioid and nicotine dependence and blunted withdrawal response in rats and mice (104) . Together, these data suggest serotonin 2A psychedelics may hold considerable potential as novel therapeutics in treating various SUDs.
Although medications for opioid use disorder exist, the present opioid overdose rates indicate the need for different treatment avenues (3, 29, 30) . For cannabis (31) and stimulant (32) use disorders there are no approved medications at present and limited treatment options, underscoring the necessity for new treatments and approaches. Psychedelic-assisted interventions for addictions may offer an attractive alternative to current treatment models in that they may result in lasting change in substance misuse after only one or a few psychedelic administration sessions (e.g., 55). Importantly, serotonin 2A psychedelics are not themselves physiologically addictive (105), yet they seemingly enhance processes often targeted by accepted addiction treatments such as insight, self-efficacy, and spirituality, which may underlie these lasting effects (93, 94, 96) . While challenges remain for the development of psychedelics as medications (106, 107) , converging evidence reveals a compelling signal of efficacy. Given the current public health landscape and state of addiction treatment (1, 3) , this potential demands rigorous clinical research efforts and federal funding. Although psychedelics might not be a "magic bullet" to solve the pervasive issues of substance misuse and addiction, they may well constitute a much-needed addition to our current armamentarium of medication-assisted treatment for SUDs.
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